1. Introduction
===============

Limited passive range of motion (PROM) of the shoulder is common in patients with rotator cuff tears; more than 40% of patients with full-thickness tears exhibit mild or moderate limitations.^\[[@R1]\]^ There may be different reasons why a patient may have limited PROM in rotator cuff tears, but the most common ones include

1.  pain originating from secondary inflammation of the bursa and synovium (bursitis and synovitis) due to the rotator cuff tear^\[[@R2],[@R3]\]^ and

2.  contracture of the soft tissues around the glenohumeral joint after rotator cuff tears (secondary frozen shoulder).^\[[@R4],[@R5]\]^

When inflammatory pain is the main cause, oral non-steroidal anti-inflammatory drugs or local corticosteroid injections are appropriate for treatment, but when contracture is present, physical therapy with stretching and flexibility exercises may be helpful.^\[[@R6]\]^

However, in real life, it is not easy to discriminate between the 2 symptoms (inflammatory pain and contracture). Although general anesthesia or blockage of the brachial plexus nerve eliminates pain during PROM measurement and allows discrimination between pain and contracture during the diagnosis of limited PROM, such approaches may be difficult to perform in an outpatient clinic. If pain and contracture can be discriminated with a simple physical examination, it would help physicians make decisions on treatment guidelines.

The purpose of this study was to devise a simple physical examination to discriminate between inflammatory pain and contracture. For this purpose, we investigated the correlations among the PROM values of flexion, abduction, and external rotation (ER) before and after general anesthesia. The abduction/ER ratio proposed by Cyriax was also included to help discriminate between pain and contracture as underlying causes of limited PROM.^\[[@R7]--[@R9]\]^ Our hypothesis was that the greater the abduction/ER ratio is before anesthesia, the less the change will be in PROM after anesthesia.

2. Methods
==========

2.1. Study design and subjects
------------------------------

This was a single-center, cross-sectional study. The study was designed and data collected in a prospective manner. The sample size was determined using the abduction/ER ratio before anesthesia with a type I error of 0.05 and a power of 0.80, and 20 patients were required as a result. In general, only the primary end point is used in the sample size estimation.^\[[@R10]\]^ Given our decision to use abduction/ER ratio as the primary end point, only the abduction/ER ratio, and no other PROM measurements (abduction, flexion, and ER), was used in the sample size. Considering the potential drop-out rate, the final total sample size was 28. From July 2012 to February 2013, we recruited 32 patients who required arthroscopy to treat rotator cuff tears. They were patients at the department of orthopedics of the Ajou University Hospital in Suwon, Republic of Korea.

The following inclusion criteria were applied:

1.  unilateral shoulder pain of more than 3 months' duration despite sufficient conservative treatments, such as subacromial injections or medications, including non-steroidal anti-inflammatory drugs;

2.  confirmation of rotator cuff tear via magnetic resonance imaging, and

3.  the presence of a rotator cuff tear with positive Neer and Hawkins signs.

We excluded 4 patients who

1.  had undergone prior shoulder surgery (n = 2);

2.  exhibited arthritis of the glenohumeral joint (n = 1);

3.  had a systemic inflammatory joint disease, such as rheumatoid arthritis (n = 1); or

4.  exhibited muscle-originated pain, such as muscle tightness and myofascial pain syndrome.

After screening with inclusion and exclusion criteria, 28 patients were finally enrolled in this study in the order of their arrival to the outpatient clinic (Fig. [1](#F1){ref-type="fig"}).

![Flow chart of subject inclusion.](medi-99-e21391-g001){#F1}

All procedures were approved by the Institutional Review Board of the hospital. Written informed consent was obtained from all subjects. Data on symptom duration, history of previous trauma, pain (as assessed on a visual analog scale), and physical characteristics were collected and evaluated. When recording histories of previous trauma, we considered injuries caused by slipping, heavy lifting at work, or low-energy impacts to be "minor" and injuries sustained in traffic accidents, falls from heights, or high-energy impacts to be "major." All subjects underwent thorough physical examinations, including an evaluation of Neer and Hawkins impingement tests^\[[@R11]\]^ as well as empty can and muscle strength tests. The Constant-Murley functional score,^\[[@R12]\]^ consisting of four sub-scales, namely, pain (15 points), activities of daily living (20 points), strength (25 points), and range of motion (40 points), was also recorded.

During arthroscopy, the rotator cuff and the surrounding bursa, ligaments, and synovium were evaluated. The size of the rotator cuff tear was classified as partial, small (\< 1 cm), medium (1 to 3 cm), and large (\> 3 cm).^\[[@R13]\]^ We recorded the arthroscopic status of synovial inflammation (synovitis) to evaluate the severity of soft tissue inflammation around the rotator cuff. We defined synovitis as an opaque villus formation accompanied by proliferation or hypervascularization, and categorized the synovitis depending on its focal or global distribution.^\[[@R14]\]^

2.2. PROM measurements before and after the induction of general anesthesia
---------------------------------------------------------------------------

Before arthroscopic surgery, authors blinded to clinical information measured the shoulder PROM at the outpatient clinic using a long-arm goniometer (Sammons Preston, Jackson, MI). PROM in flexion, abduction, and ER were recorded with the patient in a supine position. ER was measured with upper arms at the sides and elbows bent 90 degrees. The next day, in the operation room, general anesthesia was induced and maintained with remifentanil (target blood concentration 3.5--4.5 ng/mL) and propofol (target blood concentration 3.0--4.5 μg/mL) in 50% (v/v) air. All the patients were given rocuronium (0.6 mg/kg) to facilitate tracheal intubation. Blood concentrations of propofol and remifentanil were controlled using the Orchestra system (Fresenius Kabi, Bad Homburg, Germany). After the induction of general anesthesia, PROM measurements were repeated. The abduction/ER ratio before and after general anesthesia were calculated.

2.3. Subgroup analysis
----------------------

Subgroup analysis was performed by dividing the patients into 2 groups, one where difference in the abduction angle after general anesthesia was 8°≤ (group I, markedly increased PROM after general anesthesia) and the other group where difference was 8°\> (group II, minimally increased PROM after general anesthesia).

2.4. Statistical analysis
-------------------------

The Mann-Whitney *U* test was used to compare continuous data, and Fisher exact test was performed to compare categorical data between the groups. To adjust the *P* value for repeated measurements of PROM, Bonferroni method was applied. Spearman rho was employed to evaluate the correlation between PROM values obtained before and after the induction of anesthesia; the change in abduction before and after the induction of anesthesia was selected as a variable that represents the change of PROM before and after the anesthesia. To eliminate the source of bias, we used the correlation analysis with age and gender as confounders. The evaluator who collected the data was blinded. Sensitivity analysis was not conducted because it was not applicable. Significance was accepted for *P* values of \< .05. All statistical analyses were performed using SPSS statistical software, version 22 (IBM Inc., Armonk, NY).

3. Results
==========

Demographic characteristics of all 28 patients included in this study are presented in Table [1](#T1){ref-type="table"}; the average age was 62.6 ± 7.2 years, the ratio of male to female was 12:16, the duration of symptoms was 13.0 ± 10.0 months, the intensity of shoulder pain assessed with a visual analog scale was 4.8 ± 2.1, and the average Constant-Murley functional score was 63.4 ± 8.9. All of the patients were Korean. We collected all variables in a prospective manner, with no missing data for quantitative variables. The confounder-adjusted correlation coefficients (gender and age as confounders) between the PROM values obtained before and after induction of anesthesia were --0.74 for the abduction/ER ratio (*P* \< .001), --0.69 for abduction (*P* \< .001), --0.57 for flexion (*P* = .002), and 0.37 for ER (*P* = .06); patients with a higher abduction/ER ratio and more flexion and abduction exhibited fewer PROM changes. This result supports our hypothesis that the greater the abduction/ER ratio before anesthesia, the less the change in PROM is afterwards.

###### 

Demographic data for patients.
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Subgroup analysis data on age, gender, height, weight, trauma history, visual analog scale for shoulder pain and Constant-Murley functional scores, rotator cuff tear sizes, synovitis status, and biceps pathologies between the groups are presented in Table [1](#T1){ref-type="table"}. The only significant difference between the 2 groups was in synovitis status (*P* = .04; Table [1](#T1){ref-type="table"} and Fig. [2](#F2){ref-type="fig"}). Table [2](#T2){ref-type="table"} shows the comparison of the PROM between the groups before anesthesia.

![Arthroscopic image of synovitis in the posterosuperior area, viewed from the anterior portal.](medi-99-e21391-g003){#F2}
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PROMs before anesthesia comparing group I and II.
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4. Discussion
=============

Either pain or contracture may limit shoulder PROM in patients with rotator cuff tear, and appropriate treatment is determined by the cause. Through this study, we constructed a simple physical examination to facilitate discrimination between pain and contracture in limited PROM patients. Among flexion, abduction, ER, and abduction/ER ratio, the abduction/ER ratio showed the highest correlation in discriminating between the two symptoms, followed by abduction and flexion. Therefore, calculating this ratio in rotator cuff tear patients would help to easily find the proper cause of limited PROM.

We have suggested pain due to inflammation and contracture of the soft tissue around the glenohumeral joint as the two most common causes of limited PROM; most pathologies related to limited PROM can be categorized into either one of the two causes. Other than that, non-inflammatory muscle pain that can be accompanied by a rotator cuff tear (eg, muscle tightness and myofascial pain syndrome) or degenerative arthritis may also be a cause of limited PROM.^\[[@R4]\]^ However, we conducted physical and radiological examinations during the patient enrollment to exclude those patients whose major cause of limited PROM is muscle pain or degenerative arthritis, and included only those whose pain is due to the inflammation of soft tissue or contracture.

We performed a subgroup analysis by dividing the patients into 2 groups, one (group I, markedly increased PROM after general anesthesia) where the abduction difference after the general anesthesia was 8°≤ (group I, n = 22) and the other where the difference was 8°\> (group II, minimally increased PROM after general anesthesia) (group II, n = 6). We selected the abduction measurement among other shoulder PROM because it is

1.  the most common motion that leads to the impingement of supraspinatus^\[[@R15]\]^ and

2.  a motion that is commonly impacted in patients with frozen shoulders.^\[[@R16]\]^

Patients were divided into 2 groups at the 8-degree point because it is the minimal detectable change measurable using goniometry.^\[[@R17]\]^

In the subgroup analysis, we hypothesized that there would be severe inflammatory pain of the bursa and synovium in group I, which would lead to significant PROM changes before and after general anesthesia, while the main cause of the symptom in group II was more contracture than inflammation and would show minimal changes. To test our hypothesis, we used arthroscopy to evaluate the severity of synovitis in the two groups. The result showed that while there was no difference between the 2 groups in age, size of rotator cuff tear, visual analog scale for shoulder pain, Constant-Murley functional scores, and biceps pathology, a significant difference was found between the two groups in glenohumeral joint (focal and global) synovitis (59.1% vs 0%), proving that our hypothesis is correct.

We added the abduction/ER ratio as well as flexion, abduction, and ER to the physical examination to discriminate between pain and contracture as the cause of limited PROM. We considered abduction and ER together from the concept of a "capsular" or "non-capsular" pattern in the pathology of the shoulder, as proposed by Cyriax.^\[[@R7],[@R8]\]^ A typical "capsular" pattern is present in the joint when its capsule is affected. This pattern could be the result of the joint reacting with a muscle spasm, which leads to capsular constriction. Each joint, including the shoulder, has a unique pattern of limitation. In the case of impingement syndrome, the abduction motion is restricted to a great extent, but the ER plane shows little limitation. Likewise, if inflammation of the soft tissue is a major reason for limited PROM, then the abduction/ER ratio will decrease.

There are several strengths to our study. First, to our knowledge, this is the first study to quantify the PROM changes of patients with rotator cuff tears before and after general anesthesia. Second, this study was performed in a prospective manner. Although some studies have evaluated the clinical result of limited PROM in rotator cuff tear, studies have yet to investigate the underlying causes. Third, with the result of this study, we were able to propose a simple test to discriminate the cause of limited PROM in patients with rotator cuff tear. This test will in turn help physicians select an effective treatment methodology. Furthermore, this study has minimized any potential bias by performing a correlation analysis with age and gender as confounders. Lastly, the strength of this study lies in the fact that the evaluator who collected the data was blinded.

However, there are also several limitations to our study. First, whereas most shoulder disorders studies that require measurements of PROM include flexion, abduction, internal rotation, and ER measurements, we were not able to include the measurement of internal rotation in our study. Studies on rotator cuff tear usually measure the degree of internal rotation with a hand- behind-the- back motion. This can be done with patients in standing positions at outpatient clinics. However, this measurement was not feasible in patients under general anesthesia who could not straighten their back. Additionally, while some studies measure internal rotation after 90-degree shoulder abduction,^\[[@R18]\]^ many of the patients in our study expressed difficulty with the positioning due to pain. Second, the total number of patients included in our study was relatively small and the patients were not divided into 2 groups in a well-balanced manner. This may have some limitation in generalizing our study result. Third, it may be difficult to generalize the measurements since only one evaluator measured all the PROMs. However, even though inter- and intra-tester reliabilities were not evaluated, the long-arm goniometer has frequently been used to measure shoulder PROM and has shown high intra- (0.87--0.99) and inter-tester (0.84--0.90) reliability.^\[[@R19]\]^ Finally, the result of this study strongly indicates that the abduction/ER ratio is related to pain and contracture; however, the information on the correlation between the two is not yet sufficient enough to be used as a detailed treatment guideline.

In conclusion, upon re-examination under general anesthesia, limited PROM measurements in patients with rotator cuff tears were overestimated by pain. Patients with higher abduction/ER ratio and more flexion and abduction exhibited fewer PROM changes. The abduction/ER ratio was strongly and inversely correlated with PROM changes, allowing physicians to choose an appropriate treatment for limited PROM in patients with rotator cuff tears. In the future, further research will be needed to improve generalizability by increasing the number of participants and to quantitatively suggest the relationship between abduction/ER ratio and severity of pain and contracture.

Acknowledgments
===============

The authors thank Aeree Park, MA, for translation of the article and Hyun Young Lee, PhD, for the statistical support.

Author contributions
====================

**Conceptualization:** Seung-Hyun Yoon.

**Data curation:** Doohyung Lee, Heonju Kweon.

**Methodology:** Seung-Hyun Yoon, HongRi Li, Jung Hwan Ahn.

**Supervision:** Seung-Hyun Yoon, HongRi Li, Heonju Kweon.

**Visualization:** Heonju Kweon.

**Writing -- original draft:** Seung-Hyun Yoon, Doohyung Lee.

**Writing -- review & editing:** Seung-Hyun Yoon, HongRi Li, Heonju Kweon.

Abbreviations: ER = external rotation, PROM = passive range of motion.

How to cite this article: Yoon SH, Lee D, Li H, Kweon H, Ahn JH. Discrimination between pain and contracture in limited passive motion patients with rotator cuff tear: a STROBE-compliant cross-sectional study. *Medicine*. 2020;99:31(e21391).

This work was supported by the new faculty research fund of Ajou University School of Medicine.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
